Many people see ageing as a time of cognitive and physical decline. For the past three decades, most scientists and the general public have accepted this negative age-stereotype as the norm, but fortunately this view is now challenged. New findings show that well-being and a positive view of ageing are major protective factors against the effects of age on the organism. These results challenge the scientific studies that place emphasis on the negative side of ageing. This ageism view has been observed in each sphere of science, from genetics to social sciences. Perspectives from each domain are described, and new integrative views of successful ageing are summarized.
INTRODUCTION
When a group of young and old participants were asked to describe the first image of old age that came to mind, they both spontaneously mentioned the following words: 'wise, slow, senile, ill, infirm, forgetful, frail and decrepit' (Levy 1996 (Levy , p. 1104 . For the past 30 years, negative agestereotypes have been widely accepted as the norm by most scientists and general public alike. The elderly have been viewed and labelled as, 'ill and/or disabled', 'impotent', 'ugly', 'mentally declining', 'mentally ill', 'useless', 'isolated', 'poor' and 'depressed' (Palmore 1990) . Even gerontology has been defined as the science of drawing downwardly sloping lines (Minkler 1990) . Negative stereotypes of ageing tended to marginalize perceptions of elderly individuals within a predominantly young-adult society, by placing them on opposite sides along the lifespan spectrum. Such stereotyping and discrimination is known as ageism.
In 1968, Pulitzer Prize winning author Robert N. Butler coined the word 'ageism' using this definition: 'ageism can be seen as a process of systematic stereotyping of and discrimination against people because they are old. . .' (Butler 1969, p. 243) . A few years later at a symposium on geriatric medicine, he condemned health professionals and academics for bringing about these stereotypes: 'medicine and the behavioural sciences have mirrored social attitudes by presenting old age as a grim litany of physical and emotional ills' (Butler 1977, p. 14) . Like all prejudices, ageism influences the self-view and behaviour of its victims. Elderly individuals have a tendency to take on negative definitions of themselves and to perpetuate the very stereotypes directed against them, hence reinforcing society's beliefs. Such emphasis on senescence without acknowledging the growth, recuperation and improvement that occurs in ageing is a form of ageism.
Fortunately, this negative view of the elderly is now challenged. As the number of elderly people in the developed world has grown, the public has become increasingly aware of the problems the elderly face. The increased salience of the ageing population may have changed people's beliefs and prejudices about elderly individuals, with older individuals being recently seen in a more positive light. The term 'successful ageing' has thus made its entry into the popular and scientific literature. Although the study of successful ageing has certainly shed a positive light on the ageing population, many theoretical and methodological problems remain, with regard to what we define as 'successful ageing'.
In the following section, we present a historical perspective of research on ageing, from the negative to the positive view of the ageing process. We then discuss the various definitions of successful ageing, from the biological, psychological and psychosocial perspective, and we conclude by presenting and commenting on the multicriterion models of successful ageing.
THE MISMEASURE OF AGEING
The foundation of gerontology can be traced back to the early decades of the twentieth century, when the concept of ageing as a personal as well as a social problem dominated the images of researchers studying this domain (Ferraro 1997; Hirshbein 2001) . Along with being considered a 'problem', there was an early acknowledgement that the study of ageing occupied several disciplines, in particular, medicine, psychology and sociology. One of the professional groups that displayed increasing interest in the subject of ageing as a topic for professional intervention was psychology. As early as the 1920s, psychologists G. Stanley Hall and Lillian Martin advocated shifting the study of psychology from the early stages of life towards the later stages of life (Hall 1922; Martin & de Gruchy 1930) . In the 1930s, several psychologists began to expand their work by incorporating old age into their work on developmental psychology. In their report on cross-sectional studies on the life trajectory of measurable abilities, both Miles (1933) and Bird (1940) showed that individuals peaked in childhood and declined in old age. However, in defining 'normal ability of performance' in the elderly, they compared the ability of older people with the average performance of children and young adults, thus generating a biased definition. Thus, despite psychologists' genuine efforts to expand scientific knowledge on old age, their bias towards children may have added to the growing idea that old age meant degeneration and declining ability.
During the 1940s, theoretical models of the biology of ageing concerning homeostatic mechanisms were produced (Griffiths 1997) . As with psychology, the expanding biomedical interest in old age unintentionally extended the idea that old age was accompanied by inevitable pathology. Despite being supportive of the elderly, the medical model emphasized disease and disability as inevitable products of old age. In the 1950s the study of ageing, once again, began to focus heavily on a psychological perspective. Post-World War II was the launching period of the psychology of ageing in which myriad studies focused on linkages between early and later stages of human development, with particular emphasis on cognitive ageing. At the same time, there existed an increasing awareness of issues facing the older population that led to the expansion of research in social gerontology.
Early sociological models of ageing emphasized the negativity of the ageing process. In the 1960s, the disengagement theory emerged and proposed that ageing entailed a gradual social withdrawal or disengagement from personal relationships or society in general (Lynott & Lynott 1996) . However, because of the negative connotation and conclusions of this theory, many sociologists became outraged and, as a result, made countless efforts to debunk and refute the main principles of disengagement theory. It may be argued that the theory was ageist, and hence attacked by sociologists and social psychologists in an attempt to make gerontology the study of normal ageing.
The 1970s witnessed a tremendous increase in the number of articles dealing with the changes in cognitive and physical functions observed during ageing, particularly those affecting memory and linguistic functions (for a complete review see Birren & Schaie (1985) ). As with the first developmental studies performed by psychologists in the 1930s, it is through cross-sectional studies comparing the performance of young individuals with that of older individuals, that scientists were able to detect these modifications. However, such comparisons between different age groups revealed another important difference between young and old individuals: old individuals present a greater heterogeneity in cognitive performance when compared with young individuals.
Interestingly, however, most researchers neglected the increased variability in the cognitive manifestations of ageing for almost two decades (see Lupien & Lecours 1993) . It was concluded that a general decline in cognitive performance with age was 'normal' (Dannefer 1988) , leading again to the negative view of ageing. However, as Rowe & Kahn (1987) pointed out in their seminal Science paper on usual and successful ageing, if the group variance of elderly subjects is so high, it is in part a result of the fact that some individuals show very poor performance on the measure taken (pathological ageing), whereas others show very high levels of performance (successful ageing), thus making any concept of a 'norm' for ageing totally meaningless.
This view was confirmed in the 1980s and 1990s, when several major longitudinal studies of ageing were developed (reviewed in Birren & Schaie 1985; Baltes & Baltes 1990 ). These studies revealed that movement, speed, visual acuity and several types of memory steadily and inexorably decline, but that this decline starts as early as the age of 20 years. Furthermore, several of these longitudinal studies have shown that many cognitive skills actually improve with age (Baltes & Lindenberger 1988; Schaie & Willis 1998) . More recent data also revealed that the adult brain does not lose as many neurons as was once thought, but rather, it continues to sprout new neurons (Shingo et al. 2003) . Finally, psychosocial studies show that with age, individuals tend to become happier, they have better mental health, they are better at managing interpersonal relationships, and they present fewer negative emotions (Helmuth 2003) . Given the plethora of studies showing that the young and teenagers present significant problems of wellbeing, often leading to depression and suicide, one could eventually conclude that 'we may do very well to study older people to see how to help younger people' (L. Carstensen; cited in Helmuth 2003 Helmuth , p. 1300 . Statements such as this reveal the extremely important changes in our view of ageing that developed from the 1920s to the new century.
THE MEANING OF SUCCESSFUL AGEING
Despite the varying perspectives of the biology, psychology and sociology of ageing, it is evident that both public and professional attention to old age has increased dramatically over the latter half of the twentieth century. This growing interest may be explained by the increasing number of elderly people in the USA and other developed countries over the past century. The numbers of elderly people has been growing substantially: in 1900 the population aged 65 and older in the USA was 3.1 million (4.1% of the total population), in 1950, this number had increased to 12.2 million (8.1% of the total population) and in 2000 it grew to 35.0 million (12.4% of the population) (Department of Health and Human Services 2001). Undoubtedly, these numbers are staggering, but what is of considerable interest is the way in which the study of ageing has shifted, from portraying old age in terms of its losses to the notion of 'successful ageing'.
The concept of successful ageing has been a subject of escalating interest since its initiation as the main theme of the 1986 annual meeting of the Gerontological Society of America (Fisher 1995) . The following year, Rowe & Kahn's (1987) seminal study, 'Human aging: usual and successful aging' in Science, ignited another wave of interest in successful ageing by recommending that research on successful ageing should concentrate on people with above average physiological and psychosocial characteristics in later life, or 'successful agers' as opposed to 'usual agers'. This certainly had a beneficial effect on research on ageing as it drew the attention of scientists to the positive aspects of ageing. However, at this point, there is still a lack of consensus on what defines a 'successful ager'. In the following sections, we give the various definitions of successful ageing from these different scientific domains.
MODELS OF SUCCESSFUL BIOLOGICAL
AGEING: BORN TO LIVE LONG Most of the models of successful biological ageing consider that successful ageing is represented by two main factors: compression of morbidity and longevity. To understand the importance of these factors for the definition of biological successful ageing, it is important to distinguish between 'maximum lifespan' and 'average lifespan' or 'life expectancy'. The maximum lifespan represents the longest-lived member(s) of the population or species. In humans, the oldest individual ever recorded was Jeanne Calment, who died in 1997 in France at the age of 122 years. By contrast, the average lifespan is represented by the age at which 50% of a given population are still alive. Interestingly, the average lifespan of humans has increased over time, while the maximum lifespan has remained constant, around the age of 90 to 100 years (Cutler 1990) .
The average lifespan has been shown to depend on various environmental factors such as socio-economic status and nutritional status (Cutler 1990) . It is mainly a result of a significant improvement in sanitary conditions over the past century that the average life expectancy at birth is now ca. 74.6 years in males, and 79.8 years in females in the USA (World Health Organization 2003) . In 2000, the World Health Organization recognized that quality of life in old age is as important as increased longevity, so it created an index of health expectancy at birth, which calculates the number of years an individual is expected to live without major diseases. Using this index, it has been calculated that the average healthy active life expectancy is ca. 67 years of age in males, and 71 years of age in females in the USA (World Health Organization 2000).
(a) Compression of morbidity Although the average life expectancy at birth has increased in the past century, there are still many diseases that can decrease life expectancy. Sheldon (1948) identified diseases that were thought to be attributable to old age, which led to the theory that the development of these diseases was part of 'normal' ageing (age-associated diseases). The age-associated diseases that have been mostly studied in this context are cardiovascular disease, cancer, stroke, diabetes and dementia. Although most of these ageassociated diseases do not occur exclusively in older people and/or in all older people, it is interesting to note that the high prevalence of these diseases in the elderly has created the impression that disease is a necessary part of ageing. Given this later definition of ageing as being a time of disease, it is not surprising to see that one part of the biological definition of 'successful ageing' is compression of morbidity (Fries 1980) . Hence, to increase successful ageing in humans, one should increase the number of people living into old age, while at the same time limiting the age-associated diseases to a shorter period before death (Fries 1980) . The idea behind the notion of compression of morbidity is that if the period from onset of chronic infirmity to death can be shortened, this would benefit both the individual and society (Fries 1993) . Interventions based on primary preventions (smoking cessation, exercise, cholesterol reduction, etc.) have had significant effects on the number of age-associated diseases, which reveals that the notion of compression of morbidity has a positive impact on successful living (reviewed in Fries 1993 ).
(b) The role of genetic factors In contrast to average lifespan, which is sensitive to major diseases and environmental challenges, it has been shown that maximum lifespan, which represents the longest-lived member(s) of the population or species, is species specific and very stable. This stability suggests that genetic factors might make a major contribution to the maximum lifespan of an individual. In this context, the centenarian phenotype has been used as a model of biological and genetic successful ageing. Centenarians are a model of successful ageing because they have escaped or survived the common age-associated diseases (see Perls et al. 2002a) , and they are living close to the maximum lifespan. Many studies have examined the centenarian phenotype to identify factors associated with maximum lifespan. These include body fat and metabolism (Paolisso et al. 1995) , cardiovascular risk factors (Barbagallo et al. 1995; Baggio et al. 1998) , immune function (Effros et al. 1994; Franceschi et al. 1995) and cognitive function (Silver et al. 1998 (Silver et al. , 2001 Andersen-Ranberg et al. 2001; Hagberg et al. 2001) . Interestingly, none of these extrinsic and intrinsic factors has been shown to correlate with the ability to survive into extreme old age (Karasawa 1979; Beregi 1990; Beard 1991; Poon 1992; Perls et al. 1999) .
The factors that predict maximum lifespan are believed to be mainly genetic factors. A familial study comparing siblings of centenarians to siblings of non-centenarians revealed that siblings of centenarians have four times the probability of surviving to the age of 91 years when compared with the other group of siblings . However, this result does not necessarily confirm the major contribution of genes in maximum longevity, because other factors such as environmental, attitudinal or lifestyle factors could explain these findings. Still, the results obtained from this and other familial studies (Perls & Fretts 1998; Rybicki & Elston 2000; Kerber et al. 2001; Perls et al. 2002b ) led scientists to search for longevity-modifying genes. Here, the approach is to look for lifespan-altering genes in organisms in which lifespan is short enough that it allows multigenerational experiments within a reasonable time frame (Guarente & Kenyon 2000) . The organisms that have been mostly studied in this context are yeast, the worm Caenorhabditis elegans, Drosophila and mice ( Jazwinski 1999; Imai et al. 2000) . Studies in these lower organisms, and particularly the yeast, revealed that lifespan is determined mainly by 19 genes, whose functions implicate four basic determinants of lifespan, namely metabolic control, resistance to stress, gene dysregulation and genetic stability (see Perls et al. (2002a) for a comprehensive review).
(c) Selective pressure on genes If longevity is genetically determined, then it implies that selective pressure on specific genes has been applied throughout evolution. Here, it is interesting to note that species with a short lifespan have generally a higher fertility rate (Williams 1966) . This trade-off between life expectancy and reproductive capacity has led to the disposable soma theory (Kirkwood 1977; Kirkwood & Holliday 1979 ), which comprises three major premises. The first is that in natural populations (with the exception of humans), most deaths generally occur accidentally. This means that the probability of reaching maximum life expectancy is low. The second premise is that the long-term survival of an individual depends on maintenance of the organism, a process that is energetically costly. The third premise is that it is not advantageous for an individual to invest a large fraction of metabolic resources in long-term survival if only a small fraction of these resources is necessary to survive in reasonably good condition. Basically, this theory recognizes the importance of the allocation of resources between growth, maintenance and reproduction. If one increases maintenance of the organism, this will promote survival. However, this will be done at the expense of resources that could be used for growth and reproduction. In summary, the price to pay for reproduction of a species is finite survival. In these conditions, getting old with the minimum load of age-associated diseases is the biological definition of successful ageing.
MODELS OF SUCCESSFUL COGNITIVE AGEING:
THE POWER OF COMPARISONS The measurement of individual differences is of central importance for the models of successful cognitive ageing. In this approach, the characteristics of individuals that are deviant from the age normals are contrasted with those of persons ageing more in accordance with the normative expectations. In this sense, the cognitive models split the ageing process into pathological, usual and successful. Here, usual ageing implies the normative pattern, and individuals ageing successfully and those with premature or excessive cognitive frailty are ageing atypically (reviewed in Stones et al. (1990) ).
The entire approach of models of successful cognitive ageing stands on three types of comparison of an aged individual to other groups. In the first approach, the cognitive performance of an older person is compared with normative data obtained in individuals of the same chronological age (the normative approach). Here, a successful ager will be defined as someone being above normative values when controlling for age, education level and socio-economic status. In the second approach, the cognitive performance of the individual is compared with the mean performance of a group of individuals within the same chronological age range (the age-related approach). Here, a successful ager is defined as someone showing a higher performance (by two or three standard deviations) than the mean of the group. In the third approach, the cognitive performance of the individual is compared with that of a group of young individuals. In this case, a successful ager is defined as someone having a cognitive performance as good as that of young individuals (the age-difference approach).
These three approaches are similar in the use they make of the increased inter-individual variability with ageing. Indeed, all approaches index successful ageing by functions that are characterized by relative homogeneity in young adulthood but heterogeneity thereafter. Because it is known that aged individuals exhibit more heterogeneity in their cognitive performance, one can thus infer that inferior performance in an older individual represents an acquired decrement, whereas a performance similar to that of young individuals will mean successful ageing, because it implies that cognitive function was maintained throughout life. These three approaches carry with them very important differences for the ways that they will categorize someone as being a successful ager. Indeed, all three approaches are independent in that a given individual could easily be defined as a successful ager using one type of comparison, and as a normal or pathological ager using another type of comparison.
Figures 1 and 2 give a schematic representation of these differences. Figure 1 depicts age-related inconsistencies in the categorization of a successful ager, whereas figure 2 presents age-difference inconsistencies in the categorization of a successful ager.
(a) Age-related inconsistencies in the categorization of a successful ager In figure 1 the distribution curve A represents memory data from a representative population sample in which the age is exactly 80 years (normative data). Here, let us assume that the normative mean for this group is 100. If an 80-year-old man scores 113 on the memory test, one could say that this individual is a 'successful ager' because his score is higher than the norm. The distribution curve B represents memory data from a non-representative aged sample (with a mean age of 80 years) recruited for a particular study with a 10 year age range. One might think that the score distribution of this population should be the same as the normative database. However, the mean of this population is higher than the mean of the representative sample (distribution curve A), and the distribution curve is flatter than the distribution curve A.
Many factors can explain these differences. First, in population B, the individuals below the age of 80 could contribute in increasing the mean, and the age range could contribute in increasing the standard deviation of the group. Second, it is well known that aged individuals who tend to volunteer for a particular study are generally more educated, have a higher income and are in better physical shape than those who do not readily volunteer (reviewed in Lupien & Lecours 1993) . All of these factors have been shown to be related to better cognitive function in old age (Schaie 1993) . This fact would thus tend to push the mean towards an upper limit (in this case, 115). The individual with a score of 113, who was previously categorized as a successful ager when compared with normative data, is now considered to be a usual ager, because his performance is not different than that of the mean of group B.
From this example, one could conclude that comparing the performance of an aged individual with normative data is the best way to categorize successful cognitive ageing. This might, unfortunately, not be the case because it has been shown that existing age-based norms for cognitive tests are almost certainly contaminated by cases of unsuspected incipient Alzheimer's disease and other age-related cognitive pathologies (Morris et al. 1991) . The presence of unsuspected incipient cases of age-related cognitive impairments in normative databases will thus decrease the mean, allowing for a larger proportion of aged individuals to meet the criterion for successful cognitive ageing when one compares an individual with normative data.
(b) Age-difference inconsistencies in the categorization of a successful ager In figure 2, age-difference inconsistencies in the categorization of a successful ager are depicted. In this figure, the distribution curve A represents memory data from a non-representative aged sample (with a mean age of 80 years), recruited for a particular study with a 10 year age range. The distribution curve B represents memory data from a non-representative young sample (ranging from 25 to 35 years) recruited for the same study with a 10 year age range. The mean performance obtained in the aged population is 115 with a standard deviation of five, whereas the mean performance obtained in the young population is 140 with a standard deviation of two. If an 80-year-old man with a score of 130 on the test is compared with the aged population, he could be categorized as a successful ager, given that his score falls outside two standard deviations of the mean of the aged group (115 þ 5 þ 5 ¼ 125; man's score is 130). However, if the score of the same man is compared with that of the young population, the man would not be categorized as a successful ager because his score falls more than two standard deviations below the mean of the young population (140 À 2 À 2 ¼ 136; man's score is 130). Given that the young population shows less variability in performance (mean with 2 s.d.) when compared with the aged population (mean with 5 s.d.), this difference in categorization is an artefact that is induced by the large differences in variance in the two different populations.
This example illustrates the important difficulties that one faces when trying to define successful cognitive ageing. Because of the increased variability in cognitive performance known to exist in aged human populations, it is extremely hazardous to define a successful ager based on comparisons to either a norm, or a mean from aged or young populations. Moreover, each approach defined above has its inherent methodological and theoretical pitfalls. First, as we have previously discussed, comparison with a norm can be difficult given the fact that these norms can be pushed downwards by the presence of incipient cases of age-related cognitive pathologies in the normative group tested. Second, comparison with the mean of an aged population leads directly to an elitist definition of successful ageing (Masoro 2001; Minkler & Fadem 2002) . Indeed, it is well known that education level is positively related to cognitive function. Therefore, by using this method, there is a high probability that those individuals who will be defined as successful agers will be those who were successful during their entire life (high education, high income, etc.). Comparison with the mean of a young population decreases the probability of categorizing someone as being a successful ager given the presence of large differences in variances between the young and aged populations (see Lupien & Lecours 1993) , and more importantly, it increases the probability of having a cohort effect.
(c) Gender balance of samples There are other problems that arise when comparing young and aged populations. These include the gender balance of samples, and the functional equivalence of the tests used in these populations. Many scientists are aware of the inherent difficulties in establishing an equal proportion of aged women and men when creating an experimental sample, because the former generally volunteer more often than the latter. This may be explained by intrinsic characteristics of women, and/or by the fact that there is a smaller proportion of men than women particularly at older ages (Cutler & Harootyan 1975 Successful ageing S. J. N. Wan 1417 1977; Botwinick 1978) . Consequently, an experimental protocol incorporating an equal number of men and women in both the young and aged samples is not representative of the population. The disproportion between the men and women is largely a result of the relatively poor health and premature death of elderly men (Cutler & Harootyan 1975) . Studying the performance of an equal number of men and women within an aged population means that, on average, the men are likely to be in poorer physical health, which would hardly be the case in a young population.
(d) Education balance of samples In addition to the problem of gender imbalance, the average level of education is less in older compared with younger populations. In fact, there is no existing criterion that allows the assignment of equivalent education levels to individuals having different educational histories (Krauss 1980) . We also know that it is not prudent to rely on number of years of education because many trades practised by older adults that were acquired through experience are now taught in specialized schools. An even more complex problem is related to the fact that a smaller proportion of aged people are highly educated, which does not reflect a difference in aptitude but in availability and social norms (Cutler & Harootyan 1975) . Hence, the idea of selecting subjects on the basis of an equal number of years of education would lead the researcher to study an extreme group of elderly people if the education criterion is high, or a limited group of young subjects if the education criterion is low. The use of an apparently objective criterion (number of years of education), in establishing a control for the education levels of groups being studied will thus produce misleading conclusions about age differences, because the selected group would not be representative of the general population.
(e) Functional equivalence of cognitive tests The problem of the functional equivalence of cognitive tests arises mainly with experimental designs in which the emphasis is placed on obtaining an interaction between the 'age' variable and one or several tasks (Baltes & Goulet 1971; Labouvie 1980) . The degree of validity that we can attribute to such designs depends on the assurance that the tasks evaluate the same processes in all age groups. It is possible that certain measures that are formally identical are linked to totally different types of information processing in two or more different age groups. For example, word meanings and word associations may be different for different generations, and the widespread use of rote learning as the predominant teaching method for the older generation contrasts with an emphasis on understanding meaning, rather than rote learning among more recent generations. Such generational differences in the meaning or salience of stimuli, or in styles of learning and remembering, can be misinterpreted as genuine age differences when they are in fact generational or cohort differences.
Recent functional brain imageing data have revealed important differences in the pattern of brain activation in young and aged subjects, despite no differences in test performance. Cabeza et al. (2004) scanned younger and older adults with functional magnetic resonance imaging while performing three different tasks tapping into different cognitive processing: working memory, visual attention and episodic retrieval. The results showed that older adults performed as well as younger individuals, although they presented important differences in the pattern of brain activation induced by each task. In all three tasks, older adults showed weaker occipital and hippocampal activity and stronger prefrontal and parietal activity than younger adults. In the working memory and visual attention tasks, the older adults showed more bilateral patterns of prefrontal activity than younger adults. Finally, in the episodic memory task, the older adults showed stronger parahippocampal activity than the younger participants. These results have been taken to suggest that both common and specific factors play an important role in cognitive ageing.
(f ) The importance of cognitive reserves Finally, it is important to note that comparing an elderly individual to other people, to define successful ageing, does not take into account the fact that most aged individuals still show the capacity to learn new information, which suggests that one could become a successful ager later in life. Indeed, substantial reserve capacity exists in the domain of cognitive functioning. Studies have shown that healthy elderly people between the ages of 60 and 80 benefit from practice and demonstrate an increase in performance in the specific abilities that are trained. Further, this augmented performance is similar in its magnitude to the ageing decline found in untrained individuals in longitudinal studies (Baltes & Lindenberger 1988; Schaie & Willis 1998) . In addition, it has been shown that healthy elderly are able to learn and acquire new cognitive skills, for instance, by becoming memory experts (Kliegl et al. 1989 ). These findings suggest that for many older individuals, cognitive functioning during old age continues to operate in generally the same way as it did in the earlier stages of life. Therefore, older adults are able to use their cognitive mechanisms to acquire new information.
As older adults have the cognitive reserves to acquire new forms of knowledge, cognitive ageing is not only made up of the preservation of past functioning. Rather, the data suggest that, contrary to negative ageing stereotypes, 'new learning' is possible and that older adults continue to produce new forms of adaptive capacity (Baltes & Baltes 1990 ).
MODELS OF SUCCESSFUL PSYCHOSOCIAL
AGEING: THE POWER OF WELL-BEING The models of successful psychosocial ageing emphasize social interaction, life satisfaction and well-being as major determinants of successful ageing. One of the first views to emerge in the psychosocial models was the activity theory, which stated that because growing older involves the loss of roles such as retirement and widowhood, older adults who wish to retain a positive sense of self need to find satisfaction in other, often newly substituted roles (Ferraro 1997 ). In the 1960s, the disengagement theory posited that ageing involves a gradual withdrawal or disengagement from interpersonal relationships or society in general, thus resulting in the marginalization of other people in society. Given this theoretical perspective, social withdrawal or decreased interaction is a usual response to the expectation of death, perception of a decreasing lifespan and decreasing energy experienced by ageing individuals (Ferraro 1997) . How-ever, this theory has been strongly criticized by researchers who found a lack of evidence that older people disengage from their surroundings. Whereas older people's social relationships change and possibly have fewer social ties, it was found that these relationships are often deeper and more meaningful (Helmuth 2003) .
(a) The importance of social support More recently, psychosocial research and approaches to defining successful ageing focus on topics including subjective well-being (George 1979 (George , 1981 , social support and interactions, as well as life satisfaction (Herzog & Rodgers, 1981) . A substantial body of research shows that social support is a key determinant of successful ageing (Rowe & Kahn 1998; Leviatan 1999; Unger et al. 1999; Seeman et al. 2001b) . Research has indicated the health benefits of social integration and social support. Older adults reporting a greater number of social ties have been shown to have lower mortality risks, and both social integration and social support have been associated with better mental and physical health outcomes (reviewed in Berkman 1995; Cohen & Herbert 1996; Seeman 1996) . Studies have also suggested that social environment may have an impact on patterns of cognitive functioning. In a study examining the relationship of social ties and support to patterns of cognitive ageing in the MacArthur studies of successful ageing, Seeman et al. (2001b) showed that participants receiving more emotional support had higher baseline cognitive performance.
Furthermore, growing bodies of research have shown that social integration and support are linked to protection against physical and mental health conditions such as cardiovascular diseases, hypertension and depression, which are each related to cognitive decline. It has been postulated that because social interactions have essential intrinsic cognitive components and hence sustain ongoing cognitive engagement, they may also contribute to enhanced cognitive function: the 'use it or lose it' paradigm (Baltes & Baltes 1990; Rowe & Kahn 1998) . Bassuk et al. (1999) conducted a longitudinal, population-based cohort study of older adults and over a 12 year follow-up, a greater baseline of social engagement (indexed by more reported contact with friends and family and more engagement in group activities) was shown to be protective against cognitive impairment. Fratiglioni et al. (2000) found similar findings in that greater reported social networking was protective against onset of dementia.
(b) Subjective well-being Studies examining the notion of successful ageing and life satisfaction have shown that although the two concepts are different, they both contributed to subjective well-being in the aged population. Fisher (1995) explored the meanings older people attached to successful ageing and life satisfaction among 40 individuals between the ages of 61 and 92 years. It was shown that the term successful ageing reflected an attitudinal or coping orientation nearly twice as often as those for life satisfaction. Life satisfaction seemed to represent basic needs, whereas successful ageing was linked more closely to higher-order needs, such as self-understanding, helping others and feeling like one has made a difference. Another key difference that emerged from the study was that life satisfaction was described in terms of past expectations and present circumstances, whereas successful ageing was more oriented to strategies for coping in later life and maintaining a positive outlook (Fisher 1992) .
(c) The importance of personality traits It is important to note that most of the psychosocial models of successful ageing do not take into account the potential impact of personality traits on life satisfaction and well-being in old age. Scholars have long debated the malleability of human personality. Self-concept and attitudes, in addition to other factors, contribute to stability and change in personality, which in turn influence the prospect of successful ageing. Personality traits have been assessed in many studies to examine whether personality is stable or not during late adulthood. Indeed, it appears that as much of an argument can be made for stability as for change, depending on one's interpretation, and depending on the level at which personality is examined (McAdams 1994) . Some longitudinal studies have shown that personality is very stable over time (Costa & McCrae 1988) , whereas others have found changes in personality in the later years of life (Shanan 1991) .
Recent research has shown that five relatively stable independent factors or dimensions may encapsulate the domain of personality (McCrae & Costa 1984; Costa & McCrae 1986; McCrae & John 1992; Goldberg 1993) . These factors are referred to, by both clinicians and researchers, as the 'big five' model. The five dimensions include neuroticism, extraversion, openness to experience, agreeableness and conscientiousness (McCrae & Costa 1984; Costa & McCrae 1986; McCrae & John 1992; Goldberg 1993) . A substantial amount of research related to the big five model indicates the consistency and stability of personality across lifespan (Costa & McCrae 1986) .
Many studies have shown that personality traits are among the most potent predictors of psychological wellbeing (reviewed in McCrae 2002). A study by Costa & McCrae (1980) revealed that personality traits early in life predicted well-being years in advance. For example, negative affect was associated with neuroticism and low levels of well-being, whereas positive affect was associated with extraversion and high well-being. These results suggest that well-being, as a marker of successful ageing, might be highly dependent on certain personality traits, which develop very early in life. This would support the idea that the pathways to successful ageing are determined very early in life.
MULTICRITERIA MODELS OF SUCCESSFUL
AGEING The analysis of the biological, cognitive and psychosocial models of successful ageing reveals that unique markers of successful ageing often present weaknesses because they cannot predict or explain other aspects of the ageing process. For this reason, some scientists have used multicriteria models of successful ageing; that is, models that take into account the biological, cognitive and psychosocial aspects of ageing.
Two main perspectives of successful ageing exist that use a multicriterion approach to successful ageing. The first looks at successful ageing as a state of being, a condition that can be objectively measured at a certain moment. The second views successful ageing as a process of continuous adaptation. Both perspectives are based on the recognition of heterogeneity among older adults. Rowe & Kahn (1987) hold the first view and have defined successful ageing in terms of multiple physiological and psychosocial variables, whereby successful ageing is the positive extreme of what is considered normal ageing.
MULTICRITERION MODEL OF ROWE & KAHN (1987)
In 1987, Rowe and Kahn published a seminal paper in Science in which they described successful ageing as having three main components: avoidance of disease and disability, maintenance of cognitive capacity, and active engagement in life. To examine the validity of this concept, various scientists collaborated on a study of successful ageing funded by the MacArthur Foundation in the USA. They tested 4030 participants as part of a larger study, and 1931 met the multicriterion of successful ageing, which included the three main components of Rowe & Kahn's definition, i.e. avoidance of disease and disability, maintenance of cognitive capacity, and active engagement in life (Berkman et al. 1993) . After defining these individuals as successful agers based on cross-sectional data, scientists then followed this particular group of aged individuals over time.
(a) Main findings of the MacArthur studies on successful ageing Studies performed on this group first revealed that at the cross-sectional level, low levels of education were associated with poorer psychological function, poorer health behaviours and biological conditions, and larger social networks (Kubzansky et al. 1998) . At the longitudinal level, it was found that some psychological, psychosocial and physiological variables predicted cognitive decline later in life. At the psychological level, it was found that certain measures of learning and memory (Li et al. 2001; Chodosh et al. 2002; Tabbarah et al. 2002) , as well as low emotional support at baseline (Seeman et al. 2001b) were strong predictors of cognitive decline measured 7 years later. At the psychosocial level, results showed that a low number of social ties at the time of entry into the study predicted cognitive decline 7 years later (Unger et al. 1999; Kubzansky et al. 2000) . Finally, at the physiological level, it was reported that elevated baseline plasma levels of interleukin-6 are a significant predictor of cognitive decline 2.5 years later (Weaver et al. 2002) .
(b) Stress and ageing The study also revealed the impact of stress on cognitive function in this population. First, it was found that older women are more reactive to stress, in terms of secretion of cortisol (a stress hormone), than men (Seeman et al. 1995a) , and that level of self-esteem is a potent predictor of cortisol reactivity to stress (Seeman et al. 1995b) . Second, the study showed that aged women who presented a significant increase in cortisol levels (a stress hormone) over a period of 2.5 years were more likely to show declines in memory performance over the same period of time (Seeman et al. 1997a) . This result extended a previous study performed by our group showing that in a population of aged men and women, a significant increase of stress hormone levels over a period of 4 years is significantly related to both memory impairments (Lupien et al. 1994) and atrophy of the hippocampus, a brain structure that is involved in learning and memory (Lupien et al. 1998) .
The bulk of data obtained for the effects of stress hormones and other biological measures led to the evaluation of the model of allostatic load, proposed by McEwen & Stellar (1993) . The term 'allostatic load' refers to a cumulative, multisystemic view of the physiological toll that may be exacted on the body through attempts at adaptation. In this sense, allostatic load is the price that the body may ultimately pay for its adaptational efforts (see Seeman et al. 1997b) . Recent studies performed by Seeman and collaborators (Seeman et al. 1997a (Seeman et al. ,b, 2001a Karlamangla et al. 2002) examined the hypothesis that risks for declining cognitive and physical functioning in elderly individuals are related to differences in allostatic load. In their study, they measured allostatic load by 10 parameters reflecting levels of physiological activity across a range of important regulatory systems (e.g. blood pressure, cholesterol, cortisol levels, etc.). They reported that higher allostatic load scores were associated with poorer cognitive and physical functioning. More importantly, they also showed that allostatic load scores predicted larger decrements in cognitive and physical factors later on. These results showed that allostatic load measures could provide a basis for the description of major risk factors in the development of the pathological ageing processes.
(c) Successful ageing: an elitist definition? Clearly, the multiple studies that were performed within the MacArthur study of successful ageing led to very important findings that related to all aspects (biological, cognitive and psychosocial) of ageing. However, although this study yielded significant results on the factors that can contribute to successful ageing, there is an important problem about how the researchers defined and studied successful ageing in the first cross-sectional study, and in subsequent studies (Berkman et al. 1993) . The study performed by the MacArthur Foundation was a crosssectional study in which the authors chose, as successful agers, the top 30% of the population in terms of cognitive factors. However, and as we have shown in our discussion of the models of successful cognitive ageing, it is well known that education level and socio-economic income are both positively related to cognitive function. As we have discussed, splitting a cross-sectional population at the top 30% means that those individuals who will be defined as successful agers will be those individuals who were successful during their entire life (high education, high income, etc.), thus leading to an elitist definition of successful ageing. In fact, in the first published report from the MacArthur group, it was shown that within the largest population from which the successful agers were selected, the participants who were included in the low-functioning group using the lowest tertile were almost three times as likely to have a low income compared with the high-functioning group (Berkman et al. 1993) . This result confirms that those individuals who were categorized as successful agers in the MacArthur study were the same individuals who had been successful during their entire life.
Consequently, the results obtained by the MacArthur group are not necessarily generalized over the entire population. Moreover, this approach does not take into account the factors that prevent an individual from show-ing age-related decline in biological, cognitive or psychosocial factors, when this individual is not part of the upper tertile of the population in the first place; that is, when this individual is part of the norms early and/or late in life. Also, this approach prevents anyone with functional disabilities, such as the physicist Stephen Hawkins, to be defined as a successful ager later in life (Minkler 1990; Minkler & Fadem 2002) . Clearly, many individuals who are not part of the upper tertile of a given population have the capacity to become a successful ager, but unfortunately, the working definition of successful ageing used by the MacArthur study prevents the assessment of these important factors. In summary, although the MacArthur study of successful ageing has generated a wealth of very important data, the method that was used to define successful ageing may have created the impression that success in old age is limited to only a small percentage of the population.
MULTICRITERION MODEL OF BALTES & BALTES (1990)
Baltes and colleagues have developed a meta-model of selective 'optimization with compensation' for the assessment of successful ageing (Baltes & Baltes 1990 ). Their goal is to explain what people in fact do when they age successfully. Recognizing that the meaning of success is highly individualized in nature, their aim has been to widen the focus beyond the 'theoretically normative psychological outcome that has seriously limited our understanding of successful aging' (Baltes & Carstensen 1996, p. 398) .
(a) The model of selective optimization with compensation The model of selective optimization with compensation describes a general process of adaptation and it attempts to explain the dynamic interchange of gains and losses throughout life, and how age-related and self-produced changes in oneself can be seen as an example of the plasticity of the ageing mind. Selective optimization with compensation is a meta-model of successful development that explains how individuals make adaptations when faced with changes brought about by the ageing process. The model conceptualizes three main processes that demonstrate people's ability to be resilient in their thinking, feelings, behaviours or environments to attain desired goals throughout development and ageing.
First, there is the element of selection that refers to the restricted options of available functional domains because of an ageing loss in the range of adaptive potential. Selection implies that individuals adjust their expectations to allow the subjective experience of satisfaction and personal control (Baltes & Baltes 1990 ). The second element, optimization, reflects a view that people engage in behaviours that assist them in reaching higher and more desirable levels of functioning. Examples of optimization include training, practice or education. Studies on plasticity have shown that older people continue to be able to perform this optimizing process (Baltes & Baltes 1990 ). Optimization holds the potential for growth that comes about when we master the uncertainties and changes of old age. In this way, Baltes and Baltes view successful ageing as the process by which the elderly achieve their individual goals in the face of simultaneous losses. The third element, compensation, results from restrictions in the range of plasticity or adaptive potential, similar to selection. The process of compensation occurs when an individual's behavioural capacities are lost or reduced below a level necessary for adequate functioning. This limited capacity is experienced particularly in situations that require a wide range of activity and a high level of performance, such as competitive sports or situations that require quick thinking and memorization. Compensatory efforts include, for instance, use of mnemonic strategies when internal memory strategies are inadequate (Baltes & Baltes 1990) . This meta-model of ageing provides strategies that individuals can follow to contribute to their own successful ageing.
Clearly, the multicriterion model of selective optimization with compensation proposed by Baltes & Baltes (1990) holds its premises in the psychosocial models of successful ageing, which view successful ageing as the successful adaptation of an individual to the changes inherent to the ageing process. It is thus a model of resilience and coping, and it has the advantage of not using an elitist definition of successful ageing. However, there are two potential weaknesses of the model of selective optimization with compensation. First, although the model uses a multicriterion approach to define successful ageing, these criteria are psychosocial in nature and do not include any biological or cognitive criteria. However, individuals who are in excellent health up into their old age might never be confronted with the need to select, optimize and compensate to deal with the changes that occur with ageing. The model would suggest, however, that even in the case of these individuals, they would have to compensate for other age-related losses such as retirement, loss of income, loss of spouse, etc. Still, the capacity for resilience and coping might significantly differ as a function of various factors such as health and cognitive capacity. Therefore, it is unclear at this point how the model can include these variables. The second problematic aspect of the model is its reliance on the individual as the sole instigator of successful ageing. In this respect, the studies of the Kibbutz communities teach us something interesting.
(b) Studies on the Israeli Kibbutz and the importance of social arrangements Although several studies on successful ageing have shown that social interactions and support impact cognitive functioning, research on the ageing members of the Israeli Kibbutz communities has shown that the impact of social arrangements and social support are strong predictors of successful ageing, expressed in high life expectancy and positive well-being. Twenty years of research on the elderly population of Kibbutzim show that their demonstration of successful ageing is mostly a result of the social arrangements and policies assumed by their communities in the areas of work, social relationships, stability in social roles and surroundings (Leviatan 1999) . The Kibbutz uniqueness in their way of life allows its aged members to demonstrate successful ageing. The continuation of the worker role after retirement, shared responsibility by both individual and community in health preservation, formal community institutions as a means of social support to replace non-existent close family members, and constant adjustment of jobs to changing abilities, are a few of the social arrangements that allow for lower mortality rates and potential longevity among the Kibbutz communities (Leviatan 1989 (Leviatan , 1999 .
Support for the importance of social arrangements is also shown by the negative effects of well-being that result from structural changes, experienced by some Kibbutzim, in the course of becoming more similar to industrialized societies. As their population is very homogeneous compared with other societies, a study has shown that when comparing the occurrence of structural changes, those elderly members from Kibbutzim that underwent the structural changes, as compared with members from Kibbutzim without them, experienced more alienation and 'feeling of powerlessness', less satisfaction with life, and less satisfaction with Kibbutz life (Leviatan 1999) . Therefore, in the case of the experience of the Israeli Kibbutz, any structural or social change in the life domains of its elderly members would seem to result in a disruption of the stability in social roles, environmental conditions, social arrangements and life experiences that has been shown to lead to successful ageing.
The study of the Kibbutz shows that social stability is a key determinant of successful ageing among members of their society. However, when faced with structural changes, the question of adaptation arises. The uniqueness of the Kibbutz is that its society adapts to the needs of its members, which, in turn, leads them to age successfully. By contrast, the model proposed by Baltes & Baltes (1990) suggests that successful ageing is the successful adaptation of the individual to changes during the course of ageing. Hence, the attainment of successful ageing can arguably be recognized as taking two approaches: the societal approach, in which the concern is with what society should or should not do to raise elderly individuals to the functioning level of successful ageing; and the individual approach, in which the concern is with what individuals should or should not do to experience successful ageing. Such divergence in the approaches to attaining successful ageing exemplifies how the notion of successful ageing continues to lend itself to more than one interpretation or perspective.
SUCCESSFUL AGEING AND THE POWER OF
POSITIVE ATTITUDES TOWARDS AGEING Research on the perception of age and ageing stereotypes has shown that well-being and a positive view of ageing are major protective factors against the effects of age on the organism (Linn & Hunter 1979; Levy 1996; Levy 2001; Levy et al. 2000a Levy et al. , 2002 . The effects of attitudes and beliefs about ageing have been observed in various areas of science, from biological to sociological. In the biological domain of ageing research, studies have shown that older individuals' beliefs about ageing can have a direct impact on their health and longevity (Levy et al. 2000b (Levy et al. , 2002 . In the first study of its kind, Levy et al. (2000b) showed that negative attitudes towards ageing heightened cardiovascular response to stress whereas positive attitudes towards ageing exerted a protective effect, bringing their physiological changes back to baseline levels. The study suggests that negative attitudes towards ageing may contribute to health problems in the elderly without their awareness. This could lead to elderly individuals mistakenly attributing their deteriorating health to the inevitability of ageing, which may then reinforce the negative age stereotypes and prevent successful ageing (Levy et al. 2000a) . Introducing positive views of ageing reduced cardiovascular stress in the sample being studied, and therefore suggests that interventions designed to improve cardiovascular health in the elderly should emphasize the importance of including the promotion of positive ageing attitudes.
A further indication that positive attitudes play an important role in an elderly individual's physiological state is that positive self-perceptions of older individuals can influence longevity (Levy et al. 2002) . Findings in this observational study showed a 7.5 year mean survival advantage for those who expressed a more positive selfperception of ageing compared with those holding more negative perceptions. This finding provides further support for the idea that the internalization of negative stereotypes can be seen as a significant health hazard, although it has to be noted here that these observational data may have numerous other interpretations related to the characteristics of the participants.
Research on the psychology of ageing has similarly contributed to studies on the impact of stereotypes on ageing (Linn & Hunter 1979; Levy 1996) . In a recent study examining the impact of negative and positive attitudes towards ageing and their influence on memory performance, it was found that older participants exposed to negative age stereotypes tend to worsen their memory performance, self-efficacy and judgements of other elderly people (Levy 1996) . In this study, general memory performance was compared before and after subliminal exposure to positive or negative words related to ageing (e.g. wise versus senile). Results showed that memory performance was significantly lower after exposure to negative words related to ageing, whereas it was higher when participants had been exposed to positive words related to ageing. Although these results raise the possibility that age stereotypes may have an important effect on memory performance in the aged human population, it has to be noted that the emotional valence of the words (positive versus negative) may be a more important factor in determining memory performance (see Fredrickson & Levenson 1998; Fredrickson 2001) , than the fact that the words are related to ageing. However, in the study of Levy (1996) , young participants exposed to the same positive and negative words related to ageing did not exhibit any of the significant interactions observed in the old participants. These results suggest that the ageing component of the words may indeed be an important modulatory factor of memory performance in the aged population.
Other psychology-based studies have found that perception of age in the elderly has an impact on psychological functioning (Linn & Hunter 1979) . Specifically, it was found that older individuals who perceived their age as younger than others of the same age had more internal control, which has been related to more positive functioning. Internal control refers to the extent to which an individual sees their outcomes as being dependent on their own efforts and abilities as opposed to external circumstances or chance or fate (external control). In a similar vein, Palmore & Luikart (1972) reported that beliefs in personal control were related to enhanced life satisfaction. Also, Wolk & Kurtz (1975) and Wolk (1976) showed the relation between internality and life satisfaction among non-institutionalized elderly.
Across various spheres of science, positive attitudes towards ageing have been shown to positively influence memory performance, longevity, health, well-being, life satisfaction, will-to-live and other physiological and psychological functioning (Linn & Hunter 1979; Levy 1996 Levy , 2000a Levy et al. 2002) . However, debates concerning the determinants of successful ageing persist. Societal stereotypes as well as elderly individuals' selfperception play a key role in determining and affecting how an individual ages. From heightened cardiovascular responses to stress, longevity, will-to-live and memory performance, these particular variables have been shown to affect older individuals' ageing. Although these studies explored only one dependent variable at a time, in the real world, it is likely that self-perception and self-stereotyping occur in various spheres at once, whereby the effects are mutually reinforcing. For instance, an elderly person exposed to negative age stereotypes may show impaired memory and heightened stress levels. The impaired recall may worsen stress, and the elevated stress could impede memory performance even further (Levy 2001) . Given that the effects of age stereotypes are mutually reinforcing and infiltrate into our everyday thinking and behaviour, the consequences of negative age stereotypes can have detrimental effects on older individuals' self-image, abilities and health, thereby preventing successful ageing.
CONCLUSION
In this paper, we have provided a historical and methodological analysis of the concept of successful ageing. Although the ageing process was originally viewed as a time of decline of physical and cognitive functions, the concept of successful ageing, put forward by Rowe & Kahn in 1987 triggered a large interest in the study of the biological, psychological and psychosocial determinants of successful ageing. We have exposed each perspective independently and described the factors that are thought to determine and/or define successful ageing within the biological, psychological and psychosocial perspectives.
This analysis revealed the presence of weaknesses intrinsic to each unique approach because the notion of successful ageing implies more than success at the biological, psychological or psychosocial level. Consequently, we have reviewed the multicriteria models of successful ageing as proposed by Rowe & Kahn (1987) , and Baltes & Baltes (1990) . Although these new multicriteria approaches have certainly contributed to the development of a multidisciplinary study of successful ageing, each of them also presents some problems in the definition of what constitutes a 'successful ager' and/or what one can do to become a 'successful ager'.
This analysis led us to review the impact of age stereotypes on the biological and cognitive determinants of ageing. Here, we see that the views that one holds about the process of ageing can have an important impact on physical health and cognitive performance in old age. It is, therefore, possible to propose that the determinants of successful ageing stem in part from the societal influences of age stereotypes and older individual's self-perception of ageing. To strive towards a more optimal view of the ageing process, research on successful ageing needs to focus not only on the models of biological and cellular ageing that consider mainly the gradual deterioration of the organism, but also on psychological and sociologically related factors that are related to improvements or maintenance of function. With increasing research, there is strong evidence that positive self-concepts can have a reversing effect on what was once believed to be an inevitable declining process of ageing. With the knowledge that positive attitudes function as protective factors against the effects of age on the organism, viewing successful ageing from these perspectives provides us with an integrative view that blends the various realms of ageing, and goes beyond the cell to reach the self . S.J.L. is funded by an Institute of Aging Investigator Award from the Canadian Institutes of Health Research.
